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TESTS OF A MESOSCALE MODEL COUPLED WITH A BOUNDARY LAYER/SOIL MODEL
INTRODUCTION
Recent Increases in computer power have made feasible the use of numerical weather prediction (NWP) models for resolving and studying mesoscale physical processes within limited-area domains. Atmospheric modeling has progressed to such a point that we are now increasingly focusing on the realistic simulation and prediction of the so-called 'observable weather.' In may cases, this means mesoscale phenomena largely confined to the planetary boundary layer and typically with temporal scales of less than 6 hours and spatial scales of less than 100 kilometers. To realistically simulate/predict such phenomena, we must emphasize the parameterization of the diurnal variations in the planetary boundary layer. With this in mind, we have coupled a limited-area model with a sofl/boundary-layer model to study the effect of the forcing due to sources and sinks of moisture and heat at the earthatmosphere interface on mesoscale phenomena. This report represents a summary of our progress along two fronts: 1) to assure that the coupled mesoscale model/PBL/soil model behaves realistically in a general sense; 2) to experiment with the PBL/soil model parameterization in a way that reveals information about mesoscale weather events.
Section 2 contains a description of the mesoscale model. spacing was set to 20 km resulting in a domain size of 500 km x 500 km. There are 16 vertical layers extending from the surface to 100 mb, with several layers in the lowest kilometer.
The prognostic variables are written in flux form for u, v, equivalent potential temperature, surface pressure, total water mixing ratio (water vapor plus cloud water), rain water mixing ratio, and rain water drop concentration. The model physics include detailed microphysical parameterizations of grid-scale warm cloud processes. Presently, there is no convection parameterization in the model. Planetary boundary layer (PBL) processes are parameterized by first-order closure. 3 The PBL model is coupled with an active two-layer soil model and a primitive plant canopy model. 4 Both soil temperature and moisture are predicted by the soil model; canopy water content is predicted by a plant canopy model. Time integration is accomplished using the explicit leap-frog scheme with an Asselin filter. The Asselin filter coefficient is set to 0.02 and the model time-step is 20 sec. An explicit horizontal diffusion is included for each prognostic variable (except surface pressure) with the background eddy viscosity set at 3.0 x 104 m 2 /sec. The coriolis parameter is constant and has a value of f = 7.8 x I0 -5 sec. The gridded terrain field for the lower boundary of the model was obtained through interpolation of 1 degree terrain data archived at the Defense Mapping Agency.
A sponge boundary scheme is used in the model for the lateral boundary conditions. 5 The scheme used in this model assimilated at the lateral boundaries the objectively analyzed observed values from the high resolution data set. 6 These values were determined by a linearin-time Interpolation between each three-hour observing period.
INITIAL DATA
The data used for input to the numerical model were collected during AVE/VAS (Atmospheric Variability Experiment/Vertical Atmospheric Sounder) III day of 27 March 1982. These data consisted of up to twenty-one 3-hourly raobs and over forty hourly surface observations, each located within an area approximately 770 km x 770 km situated over north central Texas and southern Oklahoma. During this period, there was a strong surface high pressure system centered over Lake Superior (Figure 1) . The domain chosen for the mesoscale is centered near Dallas-Ft. Worth, Texas. The conditions at 500 mb are shown in Figure 2 . In the Texas-Oklahoma vicinity, the low-level winds were easterly and since the underlying terrain in this region rises from east to west (Figure 3 ), this could be considered to be an upslope precipitation event.
Observed values of u, v, T, and q, at 12, 15, and 18Z on 27 March 1982 were analyzed using a blended analysis technique. 7 This blending technique attempts to exploit the complementary nature of high vertical resolution rawinsonde data and high horizontal and temporal resolution surface reports. No balancing of the mass and wind fields was dcne, although the vertically integrated mass divergence was eliminated from the initial wind field data. 8 Initial values of soil moisture and soil temperature were specified as functions of the respective relative humidity and temperature of the near-surface air. 
RESULTS OF 6-HOUR SIMULATIONS
In this section, we compare the 6-h forecast from the model to the objectively analyzed radiosonde data that are valid for the same time. is about 100 mb too low. The 'patch' of winds >5m/sec above 900 mb in the analysis is forecast well. However, the simulation again shows evidence of a southerly low-level jet which is stronger than observed. In Figure 10 we begin to look at some of the mass-related variables. At level 0.9978, note that the pattern of the region bounded by the 4 degree and 6 degree C isotherms in the 18Z forecast corresponds fairly well with that in the analysis, but is forecast to be 40-100 km too far north. This might be attributable to the low precipitation rates that were produced by the model which consequently permitted the surface to warm too much. At 850 mb (Figure i1 ) the forecast northwest-southeast orientation of the isotherms appears to be interrupted in the central part of the domain. In particular, the forecast isotherms are distorted by the anomalously strong southerly low-level Jet that is simulated by the model. At 500 mb ( Figure  12 ). the analyzed temperature trough near the eastern boundary is smoothed in the forecast. A similar occurrence is seen in the 300 mb forecast (Figure 13 ). In Figure 14 we see a west-to-east cross section of potential temperature. The forecast (Figure 14a ) generally is in good agreement with the analysis. Note that the forecast is slightly warmer than the analysis near the surface. The analyzed inversion between 900 and 800 mb is replicated in the forecast. Both the forecast and the analysis display a region of less stable air between 700 and 600 mb. Finally, the forecast height of the tropopause is consistent with observations. 20 Figure 14a .
The level 0.9978 plot of vapor mixing ratio is shown in Figure 15 . The forecast 5g/kg contour at this level is similar to that in the analysis. Forecast values are too high in the southwest comer. This is probably related to the fact that in this area the values of soil moisture were initialized to be too high. At 850 mb ( Figure 16 ) the observed ridge of qv in the western half of the domain has been shifted eastward in the forecast. This seems to be a consequence of the forecast low-level jet which was forecast to be too strong and thus may have erroneously advected the moisture too far north. The analyzed pattern of q, at 500 mb (Figure 17) is forecast fairly well. The east-west cross section of analyzed mixing ratio ( Figure  18b) shows a dry tongue centered at about 925 mb over the eastern third of the domain that also appears In the forecast (Figure 18a ). The region of q, > 5 g/kg at about 800 mb that appears in the analysis is not maintained sufficiently far from the ground in the forecast. Thus, the forecast is too moist in the immediate vicinity of the ground (> 5 g/kg) over grid points 1 to 10. The vertical gradient between 700 and 600 mb in the forecast is not as sharp as that in the analysis. In an attempt to evaluate the aggregate impact of the PBL/soil parameterization on the forecast, the model was run without invoking the PBL code. Therefore, no surface exchanges were permitted for sensible or latent heat and momentum. In this run there also was no vertical turbulent diffusion above the surface layer. One result was that winds at the surface became too strong (Figure 21 ). Note that the winds over the interior of the domain are not consistent with the winds that are specified (from observations) at and near the inflow lateral boundaries (compare with Figure 4 ). Figure 22 shows geopotential height and temperature near the ground surface. Comparison with Figure  10 indicates that temperatures in the no-PBL case are too cold. A likely explanation is that no sensible heat flux from the surface was available to warm the overlying air in this experiment. This experiment also revealed that the model produced about 20-50 percent less precipitation without the PBL/soll model (Figure 23) . In terms of the total mass of precipitation that fell during the 6-h simulation, the precipitation decreased by 37 percent when the PBL was turned off. It appears that in the experiment with the PBL/soil model, the exchange of surface moisture into the near-surface air is important for the production of low-level clouds and subsequent precipitation. Figure 24 shows that the near-surface vapor mixing ratio for the no-PBL case is lower than that for the PBL case (Figure 15) . It is important to note that, at least in this case, the availability of a surface moisture source contributed in a positive way to the low-level moistening and precipitation process. In the no-PBL case, the onset of cloud Several other experiments were performed to test the sensitivity of the soil/surface model to 1) the absence of moisture at the surface and 2) the absence of clouds. These results for 12-hour forecasts are presented Figure 26 . In the first experiment latent heat was not permitted to affect the surface energy budget. In the second experiment ('clear') clouds were not permitted to attenuate the incoming shortwave and outgoing longwave radiation. The last experiment ('clear/dry') tests the combined effects described in the first two experiments. Finally, 'reference' refers to the original experiment with all effects included. Note in Figure 26a 
SUMMARY AND CONCLUSIONS
A meso-beta grid point model with a detailed microphysics parameterization of warmcloud processes is briefly described. The model is initialized with a mesoscale data set and 6-h model predicted parameters are compared with observations. Velocity, temperature, and moisture parameters generally appeared to be forecast well. The largest discrepancies appeared at about 850 mb where the model developed too strong a southerly low-level Jet. Consequently, temperature and moisture values were erroneously advected at this level, resulting in distorted forecast fields of these variables.
The model was additionally run without any PBL/soil model physics to evaluate the effect that these processes have on the forecast. The most noticeable effects were observed near the surface where forecast temperatures were too cold and winds were too high. This run also yielded about 20-50 percent less precipitation. The model's soil physics parameterization appears to be essential to represent realistically the supply to the lower atmosphere of the moisture necessary for the precipitating clouds. Qualitative aspects of this forecast at higher levels were similar to the full-PBL reference run.
Sensitivity tests with the PBL/soil model revealed that, at least for this case, the effect of soil moisture on ground temperature is approximately as important as the effect of clouds on ground temperature. However, when the effects of clouds were removed from the model atmosphere, the ground temperature and PBL height tended to exhibit unusual oscillations. The reasons for this are not yet known.
Much has been written about the positive impact of surface heating and moistening on the storm-scale environment. Our results seem to confirm that a PBL/soil model like the one tested here may be necessary to properly simulate the conditions that can lead to significant weather events.
